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General Background: 
Amplification bias in PCR occurs when primers 
bind preferentially to some template molecules 
over others. 
  
Bias is often overlooked because: 
•  The template we are seeking is often the 
highest abundance molecule in the sample; 
statistical likelihood is that this will be the 
majority species amplified. 
•  A-priori knowledge of the molecular world is 
not a possibility - no way to assess whether 
what we see at the observable level is truly 
representative of the original contents of a 
sample. 
  
For RNA viral species, we often have:  
•  Low viral template abundance with high 
genetic variation. 
•  Large presence of host DNA. 
Meaning that template competition can have a 
large effect on what we see at sequencing level 
(1,2). 
PID tagging affords the opportunity to 
assess whether target templates are 
adequately represented following a 
subsequent PCR. As the process is multi-
step in nature, PCR bias still may influence 





Fig 1. PID structure. 
PID’S have a reverse complement region 
specific to a conserved region of the target viral 
template, as well as an 8-bp degenerate region 
used to tag viral templates with a unique 
sequence during cDNA conversion (3).  
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Fig 4. Workflow for assessment of PCR bias using 
primer ID. 
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Previous use of PCR to categorise Hepatitis C 
viral variants found that results fluctuated with 





1.  Recovery of DNA from Digital Droplet 
PCR (ddPCR) 
2.  Use primer ID (PID) to assess template 
coverage in PCR. 





1.  An optimised method of recovering DNA 
from ddPCR emulsions. 
 
2.  A better understanding of how 
sequence resampling and hybridisation 
events occur during the PCR process. 
 
3.  Development of methods for reducing 






























Read count for PID 
Sample 1: 15,478 reads - 
567 PIDs 
Sample 2: 14,464 reads - 
69 PIDs 
Fig 3. Variation of read distributions between samples - 
not all PID’s were being represented at sequencing level. 
This is suggestive of sequence resampling.  
PCR Bias continued… 
 
Variation in conventional PCR conditions 
affords  the opportunity for hybridisation and 
sequence resampling.  
 
Primer ID was developed as an attempt to overcome 
issues of PCR bias. 
 
 
Digital Droplet PCR 
Fig 5. ddPCR partitions PCR reactions (4). 
 
Samples are partitioned into 20 000 nanolitre-
sized droplets for ddPCR. Each droplet contains 
all the reaction components needed for PCR.  
The compartmentalising of the samples in 
ddPCR means that competition between 
templates for reagents is greatly reduced as 
templates are restricted to the use of reagents 
in their respective droplets. 
 
 
Digital Droplet DNA Recovery 
 
ddPCR is designed to be read by a droplet-
reader, providing information on how many 
droplets are ‘positive’ for the template of 
interest. 
 
To assess whether the sample partitioning in 
ddPCR reduces sequence resampling and 
hybridisation, droplets must be broken, DNA 
recovered and sequenced for their PID tags. 
DNA was recovered from ddPCR via 
two methods: 
 
Quantitatively loaded droplets were extracted 
to assess the ability of the methods to recover 
DNA within droplets. 
DNA used was from a synthetic HIV construct, 
with exact sequence known. 
 
1.  Chloroform Extraction 
2.  Freeze-Thaw Method 
•  57.45% for the Chloroform Extraction  






Fig 6. DNA recovered from both methods was 
sequenced by Sanger sequencing and analysed by 
Assign software . 
There did not appear to be any difference in 
quality between sequence from the Freeze-
Thaw Method, sequence from the Chloroform 




Addressing PCR Bias: 
 
Primer ID was itself subject to PCR bias. To begin to 
address this, we consider primer ID with the use of 
ddPCR as a method for reducing bias and assessing 
bias reduction. 
 
The single molecule amplification that takes place 
during ddPCR  removes the problem of multiple viral 
templates competing for the same reagents and 
templates hybridising during the PCR. 
By putting PID-tagged templates through ddPCR and 
other more conventional forms of PCR, we can 
compare the PID coverage at for each method by 
sequencing.  
